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(54) RADIO WAVE ABSORBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To exhibit a radio wave absorbing power 
in a high frequency range, including millimeter wave bands by fixing a 
radio wave absorptive material to a conductor plate which is 
composed of a powder of magnetoplumbite type hexagonal ferrite 
wherein part of Fe is substituted with one or more kinds of metals, or 
its mixture with grain holders or sintered material. 
SOLUTION: Owing to the uniaxially anisotropic crystal magnetic 
anisotropy of a magnetoplumbite type hexagonal ferrite, a 
ferroelectric resonance phenomenon occurs at 40-60 GHz. Powders 
of magnetoplumbite type hexagonal ferrite BaFe8(Ti0.5Mn0.5)4O19 
^ — ' -[5 20 and Z type hexagonal ferrite Ba3Co2Fe24041 and epoxy resin are 

n*«c <fjffij mixed at a wt. ratio 35:35:30 to form a composite material which is 

sheeted into a flat plate of 2.7 mm thick and backed with a conductor 
(metal) plate to form a radio wave absorber and an absorbing power 
of 20 dB or more at a frequency of 5-18 GHz in free space is obtd. from its absorbing characteristic. 

* NOTICES * 
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IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Wave absorption material which consists of what mixed a granular material or particles of a ferrite 
to a holding material, Or a wave absorber which is a wave absorber which fixes wave absorption material 
which consists of a sintered compact of a ferrite on a conductor board, and is characterized by using an 
ignition-magneto plan byte type hexagonal ferrite which replaced a part of Fe with at least one or more 
kinds of metal as this ferrite. 

[Claim 2]Said ignition-magneto plan byte type hexagonal ferrite, It is the presentation shown by empirical 
formula MFei2-xAxOi9, The wave absorber according to claim 1, wherein M is at least one sort of Ba, Sr. and 
Pb. and A is either aluminum or alphaogbetaog (metal in which alpha becomes a tetravalent positive ion. metal 
in which beta becomes a divalent positive ion) and is 0< X<=6. 

[Claim 3]The wave absorber according to claim 2. wherein the aforementioned alpha is at least one sort of 
Ti. Zr. and Sn and the aforementioned beta is at least one sort of Co. Mn, Cu. Mg, Zn. and nickel. 
[Claim 4]A wave absorber given in either of claims 1. 2. and 3 mixing two or more kinds of said 
ignition-magneto plan byte type hexagonal ferrites from which ferromagnetic resonant frequency differs as 
a granular material, particles, or a ferrite sintered compact of a ferrite. 

[Claim 5]Are wave absorption material which consists of what mixed a granular material or particles of a 
ferrite to a holding material, or wave absorption material which consists of a sintered compact of a ferrite a 
wave absorber fixed on a conductor board, and as a wave absorption material, An ignition-magneto plan 
byte type hexagonal ferrite given in either of at least one kind of claims 1 , 2. and 3, A wave absorber mixing 
at least one kind of spinel ferrite, or hexagonal ferrites (W type. Y type, or Z type) other than an 
ignition-magneto plan byte type. 

[Claim 6]A wave absorber given in either of claims 1, 2. 3. 4. and 5 magnetizing a part or the whole of said 
ignition-magneto plan byte type hexagonal ferrite. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the thin wave absorber for GHz bands using a 
hexagonal ferrite about a wave absorber. 
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[0002] 

[Description of the Prior Art]The wave absorber is widely used for false-image prevention of television 
broadcasting and a radar and reduction of the spurious radiation from various electronic equipment. Use 
frequency is being gradually extended to a GHz band by diversification of radio wave utilization in recent 
years from an MHz band, and the demand of available wave absorbers is increasing also in high frequency 
like a millimeter wave belt in connection with it. 

[0003]As an MHz band or a wave absorber up to about several gigahertz, the sintered compact of a spinel 
ferrite or a soft magnetism hexagonal ferrite (common-name ferroxplanna). Or it is known that the 
impedance match type wave absorber which backed the conductor board is effective for the compound 
magnetic substance which kneaded the granular material to resin etc. (JP,64-1080,B. JP.10-1 12595A 
JP.54-27557,B) On the other hand, what uses a resistance film as a wave absorber for millimeter wave belts, 
the wave absorber (JP.4-340299,A) using conductive materials, such as carbon, etc. are used. 
[0004]The trial which applies the granular material of an ignition-magneto plan byte type hexagonal ferrite 
to the wall of a resonator, and aims at reduction of an unnecessary electric wave to the resonance control 
in an electronic equipment package, etc. is also proposed (JP.9-1 15707.A, JP.9-115708.A). 
[0005] 

[Problem(s) to be Solved by the Invention]However, as for the wave absorber which consists of the 
above-mentioned spinel ferrite. the frequency of the maximum from which an absorption feature is acquired 
is restricted with several gigahertz on the relation of magnetic resonance frequency, the ratio from which 
practically sufficient (not less than 20 dB) absorption magnitude of attenuation is obtained — 10 to 20% of 
thing has much frequency bandwidth (absorption-frequencies bandwidth / center frequency), and a thing of 
the broadband is desired more. 

[0006]Although the wave absorber which consists of a hexagonal ferroxplanna ferrite has an absorption 
feature to about 20 GHz. in a millimeter wave belt, like a spinel ferrite, absorption performance will be lost on 
the relation of magnetic resonance frequency, and there are problems, such as a high cost, in a manufacture 
side further. 

[0007]In a GHz band, the compound magnetic substance which kneaded the granular material of carbonyl 
iron other than a ferrite to resin etc. is used, in this case — the characteristic — optimization — planning 

— a sake — being controllable — a parameter — a granular material — particle diameter — a filling factor 

— it is — needing — a frequency band — not necessarily — being big — mu — ' — mu — " a value (mu' 
is a real part of complex magnetic permeability, and mu" is the imaginary part of complex magnetic 
permeability) — obtaining — not having . 

[0008]Since a frequency characteristic was not able to be decided arbitrarily, either, there was a limit in 
broadband-izing and slimming down of a wave absorber. Since the homogeneity of particle diameter and a 
filling factor influenced the characteristic greatly, the management on a manufacturing process was not 
easy, either and there was a fault used as a high cost. 

[0009]Although absorption performance is excellent, a certain amount of thickness is required for the wave 
absorber using the resistance film as a wave absorber for millimeter waves on the principle, and hundreds of 
microns slimming down and paint-izing are difficult for it. 

[0010] Although slimming down and paint-izing are possible, the wave absorber for millimeter waves using 
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conductive materials, such as carbon, needs to raise the dielectric constant of an absorber, when trying to 
attain slimming down. Since the zone which has wave absorption performance becomes narrow and high 
accuracy is required about the thickness of an absorber when this dielectric constant is raised, difficulty 
follows on realization. 

[001 1]The thing using the aforementioned ignition-magneto plan byte type hexagonal ferrite has magnetic 
loss also in a millimeter wave belt and is effective in resonance control in a package etc. However, since the 
impedance match on the surface of an absorber was not taken into consideration, realization of the wave 
absorber which has good absorption performance was difficult. 

[0012]Generally, the wave absorber is performed using adhesives etc. in many cases in the case of wearing 
to a reflector, although it is used as reflex inhibition of the reflector of a metaled electric wave, equipping a 
reflector. When equipping using such adhesives etc.. mounting work is not easy and it is also difficult to 
remove that with which it equipped. 

[0013]By the way. although many things which comprise as a reflector material which can attach magnets, 
such as a steel plate, exist. The method of raising the wearing nature of an absorber is proposed by making 
the hard magnetic material magnetized at the back of wave absorption material unify as a method of 
equipping such a thing with a wave absorber. (JP,9-23087.A) However, in such a method, since the hard 
magnetic material as an object for absorber attachment is required, there is a problem used as a high cost 
other than an absorber. 

[0014]this invention became in view of the problem in such conventional technology, has good wave 
absorption performance also in a high frequency region including a millimeter wave belt, can slim it down, 
and is easy to attach for a steel plate etc. — further — manufacture — it aims at providing an easy wave 
absorber. 
[0015] 

[Means for Solving the Problem]In order to realize said purpose, the following means are taken in this 
invention. 

[0016](1) Wave absorption material which consists of what mixed a granular material or particles of a ferrite 
to a holding material. Or a wave absorber which is a wave absorber which fixes wave absorption material 
which consists of a sintered compact of a ferrite on a conductor board, and is characterized by using an 
ignition-magneto plan byte type hexagonal ferrite which replaced a part of Fe with at least one or more 
kinds of metal as this ferrite. 

[001 7](2) Said ignition-magneto plan byte type hexagonal ferrite. It is the presentation shown by empirical 
formula MFe.^-x^O,^, M — Ba — Sr — Pb ~ at least — one — a sort — it is — A ~ aluminum — or ~ 
alpha — -05- — beta — _o.5_(metal in which alpha becomes a tetravalent positive ion. metal in which beta 
becomes a divalent positive ion) — either — it is — zero — < — X — <= — six — it is things the 
feature — carrying out — ( — one — ) — a statement — a wave absorber . 

[0018](3) the above — alpha — Ti — Zr — Sn — at least — one ~ a sort — the above beta — Co — 
— — f^/ig — Zn — nickel — at least — one — a sort — it is — things — the feature — carrying out 
— ( — two — ) — a statement — a wave absorber . 

[0019](4) A wave absorber given in (1) or (2) or, and (3) mixing two or more kinds of said ignition-magneto 
plan byte type hexagonal ferrites from which ferromagnetic resonant frequency differs as a granular material. 
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particles, or a ferrite sintered compact of a ferrite. 

[0020](5) Are wave absorption material which consists of what mixed a granular material or particles of a 
ferrite to a holding material, or wave absorption material which consists of a sintered compact of a ferrite a 
wave absorber fixed on a conductor board, and as a wave absorption material, An ignition-magneto plan 
byte type hexagonal ferrite given in at least one kind of (1) or (2) or, and (3). A wave absorber mixing at least 
one kind of spinel ferrite, or hexagonal ferrites (W type, Y type, or Z type) other than an ignition-magneto 
plan byte type. 

[0021 ](6) A wave absorber given in (1). (2) or. (3) or. (4) or. and (5) magnetizing a part or the whole of said 

ignition-magneto plan byte type hexagonal ferrite. 

[0022] 

[Embodiment of the Invention]An example of the operation shape of the wave absorber of this invention is 
shown in drawing 8 . 

[0023]In the wave absorber which fixes the wave absorption material which consists of what mixed the 
granular material or particles of the ferrite to the holding material in this invention, or the wave absorption 
material which consists of a sintered compact of a ferrite on a conductor board. As a ferrite, the 
ignition-magneto plan byte type hexagonal ferrite which replaced a part of Fe with at least one or more 
kinds of metal is used. Within the limits of [ fixed ] the frequency band of a GHz band, this takes an 
impedance match, and it is made to make the absorption performance demonstrate. 
[0024]An ignition-magneto plan byte type hexagonal ferrite, Have uniaxial anisotropy and by crystal 
magnetic anisotropy General ignition-magneto plan byte type hexagonal ferrite BaFei20i9. By SrFeigO^g and 
PbFeigOig, ferromagnetic resonance phenomena start in 40-60 GHz, complex magnetic permeability 
(mu*=mu' - jmicro") shows a frequency characteristic like drawing 1 , and mu" shows a peak in ferromagnetic 
resonant frequency by them. 

[0025]this — the time — several — GHz — more than — frequency — setting — being big mu " 
obtaining — things — being possible — if — a wave absorber — thickness — thin — becoming a top 

— » — — " — a frequency characteristic — being fixed — conditions — filling — if — a zone it 
is large — a wave absorber — being realizable . 

[0026]In this invention, since wave absorption is performed by using such a magnetic loss effect, as 
compared with the absorber using conductive materials using a resistance film, such as an absorber and 
carbon, slimming down becomes possible in the accuracy of comparable thickness. 

[0027]Since this resonant frequency can be changed on the frequency of the wide range by replacing a part 
of Fe of an ignition-magneto plan byte type hexagonal ferrite with other metal, it becomes possible to obtain 
in a frequency range wide also about the wave absorption characteristic. 

[0028]The magnetoplumbite type ferrite of this invention is an empirical formula, and is expressed as 
MFei2~xA^Oi9. 

[0029]M of the above-mentioned formula is metal used as a divalent positive ion, and it is preferred from the 
stability of manufacture that it is at least one sort of Ba, Sr. and Pb in such metal. As A of the 
above-mentioned formula which is metal which replaces a part of Fe. the metal used as a trivalent positive 
ion or alphaogbetaos (metal in which alpha becomes a tetravalent positive ion here, metal in which beta 
becomes a divalent positive ion) is mentioned. Here, since ferromagnetic resonant frequency can be 50 GHz 
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- about 100 GHz like drawing 3 when aluminum is used as an example by using the metal used as a trivalent 
positive ion as A, the absorber which can operate above 50 GHz is realizable. Since ferromagnetic resonant 
frequency can be 1 GHz - 50 GHz like an example of drawing 2 by considering it as above alphaogbetaos as A, 
the absorber which can operate below 50 GHz is realizable. 

[0030]Since aluminum is cheap as metal used as trivalent [ above ]. it is desirable. 

[0031] Although in particular aforementioned alpha and beta are not limited, setting to at least one kind of Ti. 
Zr. and Sn as alpha, setting as beta about Co. Mn. Gu, Mg. Zn, and at least one kind of combination of nickel, 
and having wave absorption performance is checked. In the case of x> 6. when the spontaneous 
magnetization of a ferrite decreases, in order that the effect of magnetic loss may decrease, it is preferred 
that it is 0< X<=6. 

[0032]It is not lost even if it is a granular material, if it is more than fixed particle diameter, and unlike the 
case of the conventional ferrite and the granular material of carbonyl iron, these resonant properties can be 
controlled in the range of large frequency. 

[0033]In order to restrict the conditions of complex magnetic permeability that the good wave absorption 
characteristic is obtained, in the impedance match type wave absorber and to realize especially the wave 
absorber of a broadband, The characteristic that real part mu' and imaginary part mu" of complex magnetic 
permeability (mu*=mu' - jmicro") become monotone decreasing to both increases in frequency is desirable. 
[0034]In order to realize the characteristic of such complex magnetic permeability, the ignition-magneto 
plan byte type hexagonal ferrite from which ferromagnetic resonant frequency differs Two or more kinds, Or 
an ignition-magneto plan byte type hexagonal ferrite and a spinel ferrite. Or hexagonal ferrites other than an 
ignition-magneto plan byte type. ( — W type: — BaMgFeigOgy. Y typeiBagMjFeigOzz. and Z type:Ba3M2Fe2404i 

— here M by mixing divalent metal). It is possible to double the value of complex magnetic permeability 
(mu*=mu' - jmicro") with the above-mentioned conditions in a large field. 

[0035]Without using adhesives etc. for a magnetic metal wall by [ the ] magnetizing the whole in part, since 
itself comprises material which can serve as a permanent magnet, the absorber by this invention can be 
stuck very easily, and can constitute a wave absorber. 

[Q036]Since the ferrite of this invention makes basic structure the hard ferrite currently used as a 
permanent magnet, it can be performed as the manufacturing method with usual powder-metallurgy 
processing, a coprecipitation method, etc. which are performed with the sintered compact and granular 
material of the hard ferrite. Therefore, the hexagonal ferrite by this invention can use the same 
manufacturing process as the hard ferrite for permanent magnets, and since manufacture is easy and can 
mass-produce, it can manufacture it cheaply. 

[0037]As a holding material for mixing the granular material and particles of a ferrite of this invention, 
Especially, it is not limited but For example, synthetic rubbers, such as chloroprene rubber, butadiene rubber, 
and EPDM, It is usable in inorganic materials, such as various organic polymer resin, such as an epoxy resin, 
phenol resin, unsaturated polyester resin, a bismaleimide resin, polyvinyl chloride resin, and silicon resin, and 
calcium sulfate, a calcium silicate, cement, and clay, etc. 

[0038]As a conductor board which fixes the thing which mixed the granular material or particles of the 
ferrite to the holding material, or the wave absorption material which consists of a sintered compact of a 
ferrite. it is usable in a thin film, a metallic mesh, a carbon sheet, etc. which are not limited especially if some 

6 



JPHll-354972 

which an electric wave reflects nearly thoroughly come out and there are, and, for example, made metal, 
such as various metal plate metallurgy, such as an aluminum board and a copper plate, silver, and ITO 
(indium oxide tin), and a semiconductor vapor-deposit. When wave absorption material is made to magnetize, 
it is usable considering magnetic metal walls, such as a steel plate made to equip with wave absorption 
material, as a conductor board. 
[0039] 

[ExamplejAlthough an example explains this invention still more concretely below, this invention is not 
limited to the following examples. 

[0040] [Example 1] By the presentation of BaFei2_x(Tio.5Coo.5) xOig- The amount X of substitution used the 
coaxial tube, where processed into toroidal shape the outer diameter of 7 mm, and 3.1 mm in inside diameter 
the hexagonal ferrite sintered compact which are 1.8-2.2. it made it change in the 0.6-2.2-mm-thick range 
and the back of a wave absorber is short-circuited, and it measured the absorption feature on the 
frequency of 45 MHz - 20 GHz. The measurement result of an absorption feature is shown in drawing 4 . As 
shown in drawing 4 , in 5-1 5 GHz. an absorption feature of not less than 20 dB is acquired at 2 mm or less in 
thickness. 

[0041][Example 2] By the presentation of BaFei2_x(Tio.5Mno.5) xOi9- Composite was created for the hexagonal 
ferrite powder object and epoxy resin which are 3-4 as a range of the weight ratios 8:2-6:4 (preferably 7:3). 
and the amount X of substitution backed with the metal plate the plate to which thickness was changed in 
1.6-2.7 mm, and created the wave absorber The absorption feature of this wave absorber is measured in 
the range with a frequency of 5 GHz - 18 GHz by a free-space method, and that measurement result is 
shown in drawing 5 . as shown in drawing 5 , an absorption feature of not less than 20 dB is acquired above 7 
GHz — a ratio — the absorption feature of not less than 40% in frequency bandwidth is acquired. 
[0042][Example 3] The granular material and epoxy resin of ignition-magneto plan byte type hexagonal 
ferrite BaFegCTiosMnos) 40,9 and Z type hexagonal ferrite Ba3Co2Fe2404i. After creating composite by the 
weight ratio 35:35:30 and processing it into a 2.7-mm-thick plate, it backed with the metal plate and the 
wave absorber was created. The absorption feature of this wave absorber is measured in the range with a 
frequency of 5 GHz - 18 GHz by a free-space method, and that measurement result is shown in drawing 6 . 
the ratio from which an absorption feature of not less than 20 dB is acquired as shown in drawing 6 — 
frequency bandwidth is not less than 50%. 

[0043] [Example 4] By the presentation of BaFe,2-xaluminumxO,9. the amount X of substitution backed with 

the metal plate what created 0.45-mm-thick composite by making into the weight ratio 76:24 the hexagonal 

ferrite powder object and chloroprene rubber which are 0.6. and created the wave absorber. 

[0044]The absorption feature of this wave absorber is measured in the range with a frequency of 50 GHz - 

60 GHz by a free-space method, and that measurement result is shown in drawing 7 . As shown in drawing 7 , 

in the frequency of 50 GHz - 54 GHz. the absorption performance of not less than 20 dB is obtained. 

[0045] 

[Effect of the Invention]In this invention, compared with the wave absorber using the conventional ferrite 
material, ** material cost is low, the cheap and stabilized manufacturing process established as a ** 
permanent magnet can be used, the wave absorption characteristic of a broadband is obtained with a ** thin 
shape, also with ** millimeter wave belt, it has an absorption feature and the ** wave absorber itself is 
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magnetized. 

Therefore, the wave absorber which can be stuck can be constituted very easily, without using adhesives 
etc. for a magnetic metal wall. 

[Brief Description of the Drawings] 

[Drawing 1]I t is a figure showing an example of the frequency characteristic of the complex magnetic 
permeability (mu*=mu' - jmicro") by the ferromagnetic resonance phenomena of the ignition-magneto plan 
byte type hexagonal ferrite of this invention. 

[Drawing 2] It is a figure showing an example of change of the magnetic resonance frequency by the 
substitution of Fe of this invention. 

[Drawing 3] It is a figure showing an example of change of the magnetic resonance frequency by the 
substitution of Fe of this invention. 

[Drawing 4] It is a figure showing the wave absorption characteristic of Example 1 of this invention. 
[Drawing 5] It is a figure showing the wave absorption characteristic of Example 2 of this invention. 
[Drawing 6] It is a figure showing the wave absorption characteristic of Example 3 of this invention. 
[Drawing 7] It is a figure showing the wave absorption characteristic of Example 4 of this invention. 
[Drawing 83 lt is a figure showing the example of the operation shape of this invention. 
[Brief Description of Notations] 

1 The wave absorber of this invention 

2 Wave absorption material of this invention 

3 Conductor board 

[Translation done.] 
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